Abstract. The sensitivity of stellar spectra to C, N, O and α-process element abundances is discussed with the aim of taking this effect into account when selecting a photometric system for the Gaia orbiting observatory. On the basis of a spectrometric, photometric and theoretical study of spectra of evolved first-ascent giants and clump stars in the open cluster NGC 7789 it is demonstrated that evolutionary alterations of carbon and nitrogen abundances can cause noticeable spectral changes and, if not taken into account, may yield misleading photometric [Fe/H] determinations. Carbon features in stellar atmospheres show a particularly complex behavior being dependent on mixing processes in stars, on the stellar surface gravity and on the abundance of oxygen which can also be altered by different reasons. NH bands could serve for the evaluation of mixing processes in stars and the interpretation of carbon dominated spectral regions. Abundances of α-process elements can be evaluated photometrically by using the direct indicators -Ca II H and K lines and Mg I b triplet.
INTRODUCTION
Most of the widely used photometric systems were proposed more than 40 years ago when little was known about internal stellar processes. For example, the famous paper by Burbidge, Burbidge, Fowler & Hoyle which has described in detail the thermonuclear re-actions taking place in stars and determining their evolution came only in 1957 (Burbidge et al. 1957 ). The first dredge-up of material processed in stellar interiors was revealed by Iben (1965) . Evidence of extra-mixing of processed material in low mass stars came with works by Day et al. (1973) , Pagel (1974) and other studies later on. And finally, in 1983 a new component of the Galactic disk -the thick disk -was discovered (Gilmore & Reid 1983 ) which seems to contain stars with slightly different abundances of oxygen and α-process elements (c.f. Fuhrmann 1998 , Prochaska et al. 2000 , Tautvaišienė et al. 2001 .
All these abundance alterations have their reflection in stellar energy fluxes and, consequently, in photometric colors. In the work by Tautvaišienė & Edvardsson (2002) the sensitivity of stellar spectra to α-element abundance changes is investigated with the aim of detecting these changes photometrically and employing for the scientific goals of the Gaia mission. Growing knowledge, as well as a number of new questions on evolution of stars and the Galaxy naturally rise a question of whether photometric observations can give us new and more accurate scientific information. In this paper we present some results of our investigations of sensitivity of some spectral features to the evolutionary changes of carbon and nitrogen abundances and the corresponding consequences to photometric observations. Bartašiūtė & Tautvaišienė (2003) . Photometric metallicity and other atmospheric parameters were determined for 11 heliumcore-burning 'clump' stars and 11 first-ascent-giants located in the color-magnitude diagram above the clump. According to theoretical predictions (see e.g., Charbonnel 1994 , Boothroyd & Sackmann 1999 , mixing processes should take place in both groups of investigated stars, however, the accumulated abundance differences visible at the surface might be different. In order to study the abundances of C, N, O and more than 20 other chemical elements in stars of this cluster, Tautvaišienė et al. (2003) investigated three clump stars and six giants by means of high-resolution spectroscopy with the SOFIN spectrograph at the Nordic Optical Telescope, La Palma. It was found that the stars in this cluster have a mean [Fe/H]= −0.04 ± 0.05, carbon is depleted by about 0.2 dex and nitrogen is enhanced by about 0.3 dex.
In order to see spectral differences caused by such atmospheric changes of C and N abundances we have synthesized spectral fluxes with normal and altered C and N abundances for stars with approximately the same main atmospheric parameters as those in giants and clump stars of NGC 7789. In Figure 1 we illustrate the sensitivity of modeled surface energy flux ratios to variations in carbon and nitrogen abundances. For this exercise, we have employed models of stellar atmospheres calculated with the code recently developed at the Uppsala Astronomical Observatory (Gustafsson et al. 2003) . The flux ratios in Figure 1 show that the stellar spectra have quite noticeable alterations caused by C and N abundance changes. The nitrogen dominated molecular bands are enhanced (e.g., the NH band at 3300-3500Å is enhanced by about 10%). The C 2 and CH molecular bands are weakened. The CN bands vary as well. Also it is seen that the changes have slightly different effects in the clump star and in the giant. Such differences can cause systematic errors in the photometric metallicity determinations.
Alterations of spectral carbon features can be caused not only by mixing processes in evolving stars but also by changes of oxygen abundances since these chemical elements are tied together by the molecular equilibrium in stellar atmospheres. Tautvaišienė & Edvardsson (2002) demonstrated this phenomenon in their investigation of spectral changes due to abundances of oxygen and α-process elements. 
SENSITIVITY OF STELLAR SPECTRA TO OXYGEN AND ALPHA-PROCESS ELEMENT ABUNDANCES
In Figure 2 we present an example of the sensitivity of the modeled surface energy flux ratios to the variations in fundamental stellar atmospheric parameters and abundances of α-process elements. In the spectrum with larger abundances of oxygen and α-process elements, along with enhanced OH, Ca II and Mg I features there is a number of lowered CH, C 2 and CN bands. The molecular lines are also quite sensitive to the stellar surface gravity.
A complex behavior of spectral carbon features has to be taken into account very carefully. It looks like NH bands can serve for the evaluation of mixing processes in stars and the interpretation of carbon spectral lines. A paper by Tautvaišienė & Edvardsson (in preparation) will discuss this problem in more detail.
As concerns α-process elements, the situation is simpler 
